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[57] ABSTRACT

The present invention relates to a process for the prepa-
ration of polyurethane foams comprising reacting poly-
isocyanates with compounds having a molecular weight
of from 400 to 10,000 and containing at least two 1socya-
nate-reactive hydrogen atoms, in the presence of water
and/or organic blowing agents, catalysts, melamine
having a.particle size of from about 5 to about 50 mi-
crometers as a flameproofing agent. The process 1s op-
tionally carried out in the presence of other flameproof-
ing agents, compounds containing at least two 1socya-
nate-reactive hydrogen atoms and having a molecular
weight of from 32 to 399, and known surface-active
additives and auxiliaries.

11 Claims, No Drawings
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PROCESS FOR THE PREPARATION OF
POLYURETHANE FOAMS

- BACKGROUND OF THE INVENTION 5

Polyurethane foams having improved flame-retard-
ant properties have long been sought and, because flam-
mability requirements are becoming increasingly more
stringent, continue to receive attention. As a result,
particular attention has recently been paid to the British
Furniture and Furnishings Fire Safety Regulations of
Consumer Protection 1988/no. 1324, which imposes
particularly stringent demands on flammability resis-
tance of the foams. In this test, a wooden crib weighing
17 g is filled with a certain amount of 1sopropyl alcohol
and ignited on a chair frame finished with the foam. The
flames must die within 10 minutes and the weight loss
should be no more than 60 g. This test imposes particu-
larly strict requirements on the foams with respect of 20
the ignition resistance. In addition to the more stringent
flame resistance requirements, restricted use of phos-
phate esters or haloalkyl phosphate esters as flame-
proofing agents is being urged.

Another approach to flameproofing polyurethane ,.
foams uses melamine as a flameproofing agent. In this
regard, see German Offenlegungsschrift 2,809,084, Brit-
ish Patent 2,177,406, German Offenlegungsschrift
2,815,554, German Offenlegungsschrift 3,530,519, and
British Patent 2,094,315. However, 1t has now been 1,
found that melamine still does not impart adequate
flameproofing to polyurethane foam under long-term
use. As has now been found, acceptable flameproofing
is achieved only if melamine of a particular particle size
is used as the flameproofing agent. 35

SUMMARY OF THE INVENTION

The present invention relates to a process for the
preparation of polyurethane foams comprising reacting
(1) polyisocyanates with 40
(2) compounds having a molecular weight of from
400 to 10,000 and containing at least two 1socya-
nate-reactive hydrogen atoms, in the presence of
(3) water and/or organic blowing agents,
(4) catalysts, and 45
(5) melamine having a particle size of from about 5 to
about 90 micrometers (preferably from 35 to 350
micrometers) as a flameproofing agent, and option-
ally in the presence of
(6) compounds containing at least two 1socyanate- 50
reactive hydrogen atoms and having a molecular
weight of from 32 to 399,
(7) known surface-active additives and auxilaries,
and
(8) additional flameproofing agents other than mela- 55
mine. |
Preferred compounds (2) include polymer-modified
polyols and/or polyols having predominantly primary
“hydroxyl groups.

DETAILED DESCRIPTION OF THE
INVENTION

Preferred embodiments of the process according to
the invention are characterized by the use of
1) polyurea dispersions in polyethers as the polymer- 65
- modified polyols,
2) alkanolamine adducts of diisocyanates in polyols as
the polymer-modified polyols,
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2

3) grafted polyethers obtained by polymerization of
acrylonitrile and/or styrene in polyethers as the
polymer-modified polyols, and

4) other, additional flameproofing agents.

The following starting components are used for the

preparation of the polyurethane foams:

1. Aliphatic, cycloaliphatic, araliphatic, aromatic,

and heterocyclic polyisocyanates of the type described,
for example, by W. Siefken in Justus Liebios Annalen der

0 Chemie, 562, pages 75 to 136. Suitable such polyisocya-

nates include those corresponding to the formula

QINCO)

in which

n is an number from 2 to 4 (preferably 2), and

Q is an aliphatic hydrocarbon group containing 2 to
about 18 (preferably 6 to 10) carbon atoms, a cyclo-
aliphatic hydrocarbon group containing 4 to about
15 (preferably 5 to 10) carbon atoms, an aromatic
hydrocarbon group containing 6 to about 15 (pref-
erably 6 to 13) carbon atoms, or an araliphatic
hydrocarbon group containing about 8 to about 15
(preferably 8 to 13) carbon atoms. Examples of
such suitable polyisocyanates include the polyiso-
cyanates described on pages 10-11 of German Of-
fenlegungsschnft 2,832,253.

In- general, it i1s preferred to use the commercially
available polyisocyanates, such as 2,4- and 2,6-tolylene
diisocyanate and mixtures of these isomers (*“TDI”);
polyphenyl polymethylene polyisocyanates of the type
obtained by phosgenation of aniline-formaldehyde con-
densates (“crude MDI”); and polyisocyanates contain-
ing carbodiimide groups, urethane groups, allophanate
groups, isocyanurate groups, urea groups, or biuret
groups (“‘modified polyisocyanates’), particularly those
modified polyisocyanates derived from 2,4- and/or
2,6-tolylene diisocyanate and from 4,4'- and/or 2,4'-
diphenylmethane diisocyanate.

2. Active-hydrogen starting components include (a)
known “polymer-modified” polyols and (b) polyols that
contain predominantly primary OH groups.

Preferred polymer-modified polyols (a) include dis-
persions of (i) polymer-containing, relatively high mo-
lecular weight hydroxyl compounds obtained by reac-
tion of mono- and/or polyisocyanates with polyamines
containing primary and/or secondary amino groups,
hydrazines, hydrazides, or alkanolamines in (ii) a com-
pound containing from 1 to 8 primary and/or secondary
hydroxyl groups and having a molecular weight of 400
to 10,000.

Such dispersions of polymer-containing, relatively
high molecular weight hydroxyl compounds are de-
scribed, for example, in German Auslegeschrift
2,519,004; German Offenlegungsschriften 2,550,796,
2,550,797, 2,550,860, 2,550,833, 2,550,862, 2,638,759,
and 2,639,254; U.S. Pat. Nos. 4,374,209 and 4,381,351;
and European Application 79,115.

It 1s also possible to use dispersions of reaction prod-
ucts of polyisocyanates (particularly diisocyanates) and
alkanolamines in polyethers (for example, German Of-
fenlegungsschrift 3,103,757) and dispersions of homo-
polymers or copolymers of unsaturated monomers,
such as styrene or acrylonitrile, in polyethers (so-called
“polymer polyols”).

Preferred polyols (b) include “active’ relatively high
molecular weight hydroxyl compounds that contain
predominantly pnmary OH groups and which contain
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no dispersed components of relatively high molecular
weight. Such polyols, which are known compounds,
may in principle be used as the only active-hydrogen
starting components.

3. Water (preferred) and/or readily volatile organic

substances are used as blowing agents.
4. The catalysts used in accordance with the inven-

tion are those known as such from polyurethane chem-
istry, such as tertiary amines and organometallic com-
pounds.

5. Melamine having a particle size of from about 5 to
about 90 micrometers (preferably § to 49 micrometers)
is used as a flameproofing agent. The preferred amount
of melamine is from about 15 to about 100 parts by wt.
(more preferably from 15 to 50 parts by wt.) per 100
parts by wt. of isocyanate-reactive component (2). The
particle size for melamine is determined by sieve analy-
sis and microscopy.

Other flameproofing agents may additionally be used
according to the present invention, including, for exam-
ple, aluminum oxides, hydrated aluminum oxides, mela-
mine, melamine derivatives, melamine salts, cyanamide,
dicyandiamide, and, preferably, tris(chloroethyl) phos-
phate or phosphonic acid esters having the general
formula (I)

OR- {3

Rl=P(O)
OR?

wherein R!, R2, and R3 are independently a saturated or
unsaturated C;-Ceg alkyl, Cs-Ciz cycloalkyl, C7-Cs
aralkvl, or Cg-C)2 aryl. Preferred additional phos-
phonic acid ester flameproofing agents include di-
methyl methylphosphonate, dimethyl ethylphosphon-
ate, dimethyl vinylphosphonate, dimethyl allylphos-
phonate, or dimethyl phenylphosphonate. The addi-
tional flameproofing agents are preferably employed in
amounts of from 5 to 20 parts by wt. per 100 parts by
wt. of isocyanate-reactive component (2).

6. Other suitable starting components include, option-
ally, compounds containing at least two isocyanate-
reactive hydrogen atoms and having a molecular
weight in the range from 32 to 399. Such compounds
include compounds containing hydroxyl groups, amino
groups, thiol groups, or carboxyl groups, preferably
compounds containing hydroxyl groups and/or amino
groups, which serve as chain-extending or crosslinking
agents. These compounds generally contain from 2 to
about 8 (preferably from 2 to 4) isocyanate-reactive
hydrogen atoms. Examples of such compounds are
described in German Offenlegungsschrift 2,832,253 at
pages 19-20.

7. Surface-active additives, such as emulsifiers and
foam stabilizers, may optionally be used. Preferred
emulsifiers are those based on alkoxylated fatty acids
and higher alcohols.

Preferred foam stabilizers include polyether silox-
anes, particularly water-insoluble types. These com-
pounds generally are a copolymer of ethylene oxide and
propylene oxide attached to a polydimethylsiloxane
group. Water-soluble foam stabilizers are described, for
example, in U.S. Pat. Nos. 2,834,748, 2,917,480, and
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3,629,308, but are not suitable for the production of 65

high-resilience (HR) foams.
It is also possible to use reaction retarders, for exam-
ple, compounds having an acidic nature, such as hydro-

4

chloric acid or organic acid halides; known cell regula-
tors, such as paraffins or fatty alcohols or dimethyl
polysiloxanes; pigments or dyes; stabilizers against the
effects of ageing and weather; plasticizers; fungistatic
and bacteriostatic agents; and fillers, such as barium

sulfate, kieselguhr, carbon black, or whiting.
Further examples of surface-active additives and

foam stabilizers which may optionally be used 1n accor-
dance with the invention, as well as cell regulators,
reaction retarders, stabilizers, flameproofing agents,
plasticizers, dyes and fillers, and fungistatic and bacte-
riostatic agents, and information on the use of these
additives and the way in which they work, can be found
in Kunststoff-Handbuch, Vol. VII, edited by Vieweg
and Hochtlen, Carl-Hanser-Verlag, Munich 1966, for
example, on pages 103 to 113.

In the process of the invention, the reaction compo-
nents are reacted by the known one-shot process, the
prepolymer process, or the semiprepolymer process.
These processes can often be performed using ma-
chines, such as the type described in U.S. Pat. No.
2,764,565. Information on processing machines that
may also be used in accordance with the invention can
be found in Kunststoff-Handbuch, Vol. VII, edited by
Vieweg and Hochtlen, Carl-Hanser-Verlag, Munich
1966, for example, on pages 121 to 205. |

When preparing foams according to the invention,
the foaming reaction may even be carried out in closed
molds by introducing the reaction mixture into a moid.
Suitable mold materials include metals, such as alumi-
num, or plastics, such as epoxy resins. The foamable
reaction mixture foams in the mold, thereby forming the
molded product. In-mold foaming may be carried out in
such a way that the molding has a cellular structure at
its surface or in such a way that the molding has a com-
pact skin and a cellular core. In the process of the inven-
tion, it is possible to introduce foamable reaction mix-
ture into the mold in such a quantity that the foam
formed just fills the mold. It is also possibie to introduce
more foamable reaction mixture into the mold than is
required to fill the interior of the mold with foam, a
technique known as overcharging and described, for
example, in U.S. Pat. Nos. 3,178,490 and 3,182,104.

In in-mold foaming, known “external release agents,”
such as silicone oils, are often used. However, 1t 1s also
possible to use so-called “internal release agents,” op-
tionally in admixture with external release agents, of the
type described, for example, in German Offenlegungss-
chriften 2,121,670 and 2,307,589.

The foams may, of course, also be produced by
known slabstock foaming or laminator processes.

The ignition tests carried out under the stringent
requirements of the Crib 5 Test according to BS 5852,
Part 2, indicate that the compounds of the invention are
eminently suitable as flameproofing agents. The me-
chanical properties of the resuiting foams are also ad-
vantageous. For example, hardness is barely affected.

The process of the invention allows the manufacture
of foams having a bulk density as low as 22 kg/m3 but
which nevertheless meet the flameproofing require-
ments mentioned above.

The flame-resistant polyurethane foams are used for
the manufacture of furniture and for the production of
mattresses which satisfy the more stringent flameproof-
ing standards and safety requirements, for example,
according to BS 5852, Part 2, using the ignition sources
mentioned therein.
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These flame-resistant foams are used for the uphol-
stering of seats in theaters, cinemas, homes, and restau-
rants and for the upholstering of couches.

The following examples further illustrate details for
the process of this invention. The invention, which is set
forth in the foregoing disclosure, is not to be limited
either in spirit or scope by these examples. Those skilled
in the art will readily understand that known variations
of the conditions of the following procedures can be
used. Unless otherwise noted, all temperatures are de-

- grees Celsius and all percentages are percentages by
weight. |

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

EXAMPLE 1

100 parts a dispersion of a polyurea of hydrazine and
tolylene diisocyanate in an active polyether-polyol of
trimethylolpropane, propylene oxide, and ethylene
oxide (OH number 32), filler content 109% by wit.

4.0 parts water

1.0 part diethanolamine

1.0 part crosslinking agent PU 3226 from Bayer AG,
based on a higher alkanolamine

0.2 parts activator Dabco 33LV (Houdry-Hiils) (solu-
tion of triethylene diamine in dipropylene glycol)

0.25 parts stabilizer AC 3367 from Bayer AG, short-
chain ether-modified silicone

0.15 parts tin 2-ethylhexoate

25 parts melamine of particle size 10 micrometers

10 parts tris(2-chloroethyl) phosphate

52.9 parts tolylene diisocyanate (“TDI”) (80 wt. %
2,4-1somer and 20 wt. % 2,6-1somer)

Cream time of the reaction mixture: 11 sec

Bulk density of the foam: 26 kg/m?3

Before flame testing the foam is converted into open-
cell form by compression, resulting in a 50-mm water
column air resistance value.

Testing in accordance with BS 5852, Ignition Source

S

Burning time: 255 seconds

Loss in weight: 33 g

Consumer Protection no. 1324/1988 (GB) passed

EXAMPLE 2 (COMPARISON)

100 parts a polyurea dispersion according to Example 1
4.0 parts water

1.0 part diethanolamine

1.0 part crosslinking agent PU 3226 according to Exam-

ple 1
0.2 parts activator Dabco 33LV according to Example

1
0.25 parts stabilizer AC 3367 according to Example 1
0.2 parts tin 2-ethylhexoale
25 parts melamine of particle size 120 micrometers
10 parts tris(2-chloroethyl) phosphate
52.9 parts diisocyanate according to Example 1

Cream time of the reaction mixture: 11 sec

Bulk density of the foam: 26 kg/m?

Before flame testing the foam is converted into open-
cell form and has a 50-mm water column air resistance
value.

Testing in accordance with BS 5852, Ignition Source

5

Burning time: 523 seconds

Loss in weight: 226 g

Consumer Protection no. 1324/1988 (GB) failed
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EXAMPLE 3

100 parts a polyurea dispersion according to Example 1
4.0 parts water
1.0 part diethanolamine
1.0 part crossiinking agent PU 3226 according to Exam-
ple 1
0.2 parts activator Dabco 33LV according to Example
1 '
1.0 parts stabilizer AC 3367 according to Example 1
0.15 parts tin 2-ethylhexoate
25 parts melamine of particle size 10 micrometers
2 parts tris(2-chloroethyl) phosphate
6 parts Kioxtol flameproofing agent containing bromine
and phosphorus from Wye Ind., Australia
52.9 parts diisocyanate according to Example 1
Cream time of the reaction mixture: 11 sec
Bulk density of the foam: 26 kg/m3
Before flame testing the foam is brought by compres-
sion to a S0-mm water column air resistance value.
Testing in accordance with BS 5832, Ignition Source
5
Burning time: 305 seconds
L. oss in weight: 58 g
Consumer Protection no. 1324/1988 (GB) passed

EXAMPLE 4

100 parts a polyurea dispersion according to Example 1
4.0 parts water

1.0 part diethanolamine
1.0 part crosslinking agent PU 3226 according to Exam-
ple 1
0.2 parts activator Dabco 33LV according to Example
1 .
1.0 parts stabilizer AC 3367 according to Example 1
0.15 parts tin 2-ethylhexoate
25 parts melamine of particle size 10 micrometers
2 parts tris(2-chloroethyl) phosphate
10 parts Fire Master CD75 flameproofing agent con-
taining bromine from Great Lakes
52.9 parts diisocyanate according to Example 1
Cream time of the reaction mixture: 11 sec
Bulk density of the foam: 26 kg/m?
Before flame testing the foam is brought by compres-
sion to a 50-mm water column air resistance value.

Testing in accordance with BS 5852, Ignition Source
5

Burning time 360 seconds

Loss in weight: 58 g

Consumer Protection no. 1324/1988 (GB) passed

Examples 1 and 2 show that the burning properties of
the foam is greatly affected by the the particle size of
the melamine. Whereas the foam of Example 1 having
melamine of a smaller particle size passes the test, the
foam of Example 2 having melamine of greater particle
size has considerably poorer flame properties.

More effective flameproofing may, therefore, be
achieved by minimizing the amount of melamine in the
lower bulk density range if the dependence on the parti-
cle size is taken into account.

What is claimed is:

1. A process for the preparation of polyurethane
foams comprising reacting

(1) a polyisocyanate with

(2) a polymer-modified polyol having a molecular

weight of from 400 to 10,000 and containing at ieast
two isocyanate-reactive hydrogen atoms, in the
presence of
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(3) water and/or an organic blowing agent,

(4) a catalyst, and

(5) melamine having a particle size of from about 5 to

about 90 micrometers as a flameproofing agent.

2. A process according to claim 1 additionally com-
prising

(6) a compound containing at least two 1socyanate-

reactive hydrogen atoms and having a molecular
weight of from 32 and 399.

3. A process according to claim 1 additionally com-
prising

(7) known surface-active additives and auxiliaries.

4. A process according to claim 1 wherein the polym-
er-modified polyol is a polyurea dispersion in a poly-
ether.

5.A proceés according to claim 1 wherein the polym-
er-modified polyol is an alkalnolamine adduct of a diiso-
cyanate mn a polyether.

6. A process according to claim 1 wherein the polym-
er-modified polyol is a grafted polyether obtamned by
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8

polymerization of acrylonitrile and/or styrene in a poly-
ether.

7. A process according to claim 1 wherein the polym-
er-modified polyol is selected from the group consisting
of a polyurea dispersion in a polyether, an alkanolamine
adduct of a diisocyanate in a polyether, and a grafted
polyether obtained by polymerization of acrylonitirile
and/or styrene in a polyether. |

8. A process according to claim 7 additionally com-
prising

(6) a compound containing at least two isocyanate-

reactive hydrogen atoms and having a molecular
weight of from 32 to 399.

9. A process according to claim 7 additionally com-
prising

(7) known surface-active additives and auxiliaries.

10. A process according to claim 1 additionally com-
prising

(8) a flameproofing agent other than melamine.

11. A process according to claim 10 wherein the
flameproofing agent other than melamine 1s tris(2-
chloroethyl) phosphate.
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